CIRCUIT AND METHOD FOR COMPENSATING FOR NONLINER 
DISTORTION OF POWER AMPLLIFIER 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention: 

The present invention relates to a circuit and a method for compen- 
sating for a nonlinear distortion of a power amplifier, and more particularly to 
a transmitting circuit having a nonlinear distortion compensating circuit. 
2. Description of the Related Art: 

10 Digital microwave radio communication systems generally employ a 

quadrature amplitude modulation format such as a multilevel quadrature am- 
plitude modulation format from the standpoint of frequency utilization effi- 
ciency. According to the quadrature amplitude modulation format, since a 
power amplifier for amplifying a transmission signal uses only a linear region 

15 of its input vs. output characteristics, it is desirable to have a sufficiently large 
backoff (which represents an operating point and is generally given as the 
difference between a maximum output amplitude level and a saturated out- 
put power level). If the backoff is large, however, a sufficiently large amount 
of transmission power cannot be obtained. Actually, therefore, it is neces- 

20 sary to reduce the backoff for the power amplifier to use a nonlinear region of 
its input vs. output characteristics. As a result, a problem arises in that a 
nonlinear distortion caused when the power amplifier uses the nonlinear re- 
gion is added to a transmission signal. 

To solve the above problem, there has been devised a process of 

25 compensating for a nonlinear distortion produced when a transmission signal 
is amplified by adding an inversion of the nonlinear distortion depending on 



the power of an input signal to the transmission signal using a circuit referred 
to as a predistorter. Heretofore, such predistorters comprise an analog cir- 
cuit for use in the RF band. However, the conventional predistorters suffer 
limitations on their compensation accuracy on account of their component 
5 variations, and are difficult to make adjustments. In recent years, the ad- 
vance of digital signal processing technologies has led to predistorters that 
are constructed as baseband digital circuits. 

Transmission circuits using digital predistorters are generally classi- 
fied into two types, i.e., open-loop transmission circuits and closed-loop 

10 transmission circuits. Fig. 1 of the accompanying drawings shows a typical 
open-loop transmission circuit arrangement (see patent document 1 (Japa- 
nese laid-open patent publication No. 2001-53627)), and Fig. 2 of the ac- 
companying drawings shows a typical closed-loop transmission circuit ar- 
rangement (see patent document 2 (Japanese laid-open patent publication 

15 No. 2000-228643)). 

The open-loop transmission circuit shown in Fig. 1 comprises FIR fil- 
ter 10, predistorter 1 1 , modulator 12, and power amplifier 13 which are con- 
nected in series. An input baseband digital signal (Ich DATA, Qch DATA) is 
supplied through FIR filter 10 and predistorter 1 1 to modulator 12, which per- 

20 forms quadrature amplitude modulation on the signal. The modulated signal 
is then amplified by power amplifier 1 3. Inverse characteristics of the nonlin- 
ear distortion of power amplifier 13 are determined in advance and held in 
predistorter 1 1 to determine a compensation value with respect to the power 
level of the input signal. The circuit arrangement shown in Fig. 1 is advanta- 

25 geous in that it is simple and inexpensive. However, since the inverse char- 
acteristics held in predistorter 11 are of fixed nature, if the inverse character- 
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istics held in predistorter 1 1 and the actual inverse characteristics are differ- 
ent from each other for some reason, then the open-loop transmission circuit 
fails to provide a sufficient nonlinear distortion compensating capability. 

The closed-loop transmission circuit shown in Fig. 2 differs from the 
5 open-loop transmission circuit shown in Fig. 1 in that it has adaptive predis- 
torter 14 in place of predistorter 1 1 shown in Fig. 1 , and additionally has 
comparison/control circuit 15 and demodulator 16. In operation, the modu- 
lated signal that is amplified by power amplifier 13 is demodulated by de- 
modulator 16. Comparison/ control circuit 15 compares the baseband digital 

10 signal (Ich DATA, Qch DATA) output from FIR filter 10 and the demodulated 
signal from demodulator 16 with each other, and adaptively changes the 
amount of compensation in adaptive predistorter 14 in order to equalize the 
baseband digital signal and the demodulated signal to each other. Adaptive 
predistorter 14 can thus compensate for the nonlinear distortion optimally at 

15 all times. 

It is generally known that the input vs. output characteristics of the 
power amplifier vary with the operating temperature thereof. With the open- 
loop arrangement, since the amount of compensation is determined based 
on only the power of the input signal, as described above, if the temperature 

20 of the power amplifier changes, then the amount of compensation and the 
actual inverse characteristics become different from each other, resulting in 
an in sufficient nonlinear distortion compensating capability. The closed-loop 
arrangement is free of the above drawback because characteristic changes 
due to changes in the temperature of the power amplifier are adaptively 

25 compensated for. However, the closed-loop transmission circuit is much 
more complex in circuit arrangement and costly than the open-loop trans- 
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mission circuit because the closed-loop transmission circuit requires the de- 
modulator. Accordingly, it is desirable from the standpoint of simpler and 
less costly circuit arrangements to be able to achieve temperature compen- 
sation in the open-loop transmission circuit. 
5 According to one conventional process of achieving temperature 

compensation in the open-loop transmission circuit, a plurality of compensa- 
tory values corresponding to a plurality of temperatures are stored in a table, 
and a predistorter acquires a compensatory value depending on the operat- 
ing temperature of a power amplifier from the table (see patent document 3 

10 (Japanese laid-open patent publication No. 2001-274851)). 

With the arrangement disclosed in patent document 3 referred to 
above, it is necessary to store temperatures at small intervals in the table for 
providing an exact match between a compensatory value retrieved from the 
table and the amount of a nonlinear distortion produced in the power ampli- 

15 fier at the actual operating temperature. However, storing temperatures at 
small intervals in the table requires that a memory which holds the table be 
larger in circuit scale and hence more expensive. For this reason, the ar- 
rangement disclosed in patent document 3 has to store temperatures at cer- 
tain compromising intervals in the table. Consequently, it is difficult even for 

2 0 the arrangement disclosed in patent document 3 to achieve an exact match 
between a retrieved compensatory value and the amount of a nonlinear dis- 
tortion produced at the actual operating temperature, and to provide a suffi- 
cient temperature compensating capability. 

25 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a circuit 
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and a method for compensating for a nonlinear distortion of a power amplifier 
accurately at an actual operating temperature of the power amplifier without 
an undue increase caused in the circuit scale and cost. 

Another object of the present invention is to provide a transmitting cir- 
5 cuit having a nonlinear distortion compensating circuit. 

To achieve the above objects, there is provided in accordance with 
the present invention a nonlinear distortion compensating circuit comprising 
a power calculator for calculating a power value of an input signal, an operat- 
ing point setting unit for calculating an apparent power value from tempera- 

10 ture information, supplied from an external source, representative of the 
measured temperature of a power amplifier for amplifying the input signal 
and the power value calculated by the power calculator, based on a relation- 
ship, which has been given beforehand to the operating point setting unit, 
between input vs. output characteristics of the power amplifier and the tem- 

15 perature of the power amplifier, an inverse characteristics calculator for cal- 
culating an inversion of a nonlinear distortion caused by the power amplifier 
from inverse characteristics data, which have been given beforehand to the 
inverse characteristics calculator, about the nonlinear distortion caused by 
the power amplifier and the apparent power value calculated by the operat- 

2 0 ing point setting unit, and a complex multiplier for adding the inversion calcu- 
lated by the inverse characteristics calculator to the input signal. 

The nonlinear distortion compensating circuit according to the present 
invention is based on the fact that the input vs. output characteristics of the 
power amplifier are substantially translated as the temperature thereof 

25 changes. The operating point setting unit uniquely calculates apparent 

power value Pin' from power value Pin of the input signal and the tempera- 
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ture information of the power amplifier based on the temperature depend- 
ency of the input vs. output characteristics of the power amplifier. The in- 
verse characteristics calculator calculates an inversion of the nonlinear dis- 
tortion caused by the power amplifier, which corresponds to the apparent 
5 power value Pin 1 input from the operating point setting unit, and the complex 
multiplier adds the inversion calculated by the inverse characteristics calcula- 
tor to the input signal. The inversion (an amount of compensation) thus 
added is in exact conformity with the actual nonlinear distortion caused by 
the power amplifier. 

10 A transmission circuit according to the present invention includes the 

above nonlinear distortion compensating circuit, a modulator for modulating 
a signal output from the nonlinear distortion compensating circuit, a power 
amplifier for amplifying a modulated signal output from the modulator, and a 
thermometer for measuring a temperature of the power amplifier and supply- 

15 ing temperature information representative of the measured temperature to 
the nonlinear distortion compensating circuit. The transmission circuit thus 
arranged is capable of performing the function of the nonlinear distortion 
compensating circuit described above. 

A method of compensating for a nonlinear distortion according to the 

20 present invention comprises the steps of (a) calculating a power value of an 
input signal, (b) measuring a temperature of a power amplifier for amplifying 
the input signal, (c) calculating an apparent power value from the power 
value calculated in the step (a) and the temperature measured in the step (b) 
based on a relationship, which has been given beforehand, between input 

25 vs. output characteristics of the power amplifier and the temperature of the 
power amplifier, (d) calculating an inversion of a nonlinear distortion caused 
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by the power amplifier from inverse characteristics data, which have been 
given beforehand, about the nonlinear distortion caused by the power ampli- 
fier and the apparent power value calculated in the step (c), and (e) adding 
the inversion calculated in step (d) to the input signal. The method is also 
5 capable of performing the function of the nonlinear distortion compensating 
circuit described above. 

According to the present invention, there is no need for a table of dif- 
ferent compensatory values at respective temperatures, like the one used in 
the conventional predistorter. Therefore, the nonlinear distortion compensat- 

10 ing circuit may be reduced in circuit scale and cost. 

When the temperature of the power amplifier changes, the inversion 
(an amount of compensation) added to the input signal is in exact conformity 
with the actual nonlinear distortion of the power amplifier. Consequently, the 
nonlinear distortion can be compensated for more accurately than hereto- 

15 fore. 

The above and other objects, features, and advantages of the present 
invention will become apparent from the following description with reference 
to the accompanying drawings which illustrate examples of the present in- 
vention. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a block diagram of a typical open-loop transmission circuit; 
Fig. 2 is a block diagram of a typical closed-loop transmission circuit; 
25 Fig. 3 is a block diagram of a schematic arrangement of a digital pre- 

distorter with a temperature compensating function according to an embodi- 
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ment of the present invention; 

Fig. 4 is a block diagram of a schematic arrangement of a transmis- 
sion circuit which incorporates the digital predistorter with the temperature 
compensating function shown in Fig. 3; 
5 Fig. 5 is a diagram showing how the operating point of a power ampli- 

fier changes due to a temperature change thereof in the input vs. output 
characteristics of the power amplifier; and 

Fig. 6 is a block diagram of an arrangement of a complex multiplier of 
the digital predistorter with the temperature compensating function shown in 
10 Fig. 3 and a modulator shown in Fig. 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
An embodiment of the present invention will be described below with 
reference to the accompanying drawings. 

15 Fig. 3 shows in block form a schematic arrangement of a digital pre- 

distorter with a temperature compensating function according to an embodi- 
ment of the present invention, and Fig. 4 shows in block form a schematic 
arrangement of a transmission circuit which incorporates the digital predis- 
torter with the temperature compensating function shown in Fig. 3. 

20 First, the transmission circuit shown in Fig. 4 will be described below. 

The transmission circuit is a circuit for use in a digital microwave radio 
communication systems, and comprises FIR (Finite Impulse Response) filter 
1 , digital predistorter 2 with a temperature compensating function, modulator 
3, power amplifier 4, and thermometer 5. It is assumed that the transmission 

25 circuit is supplied with ah input signal in a quadrature amplitude modulation 
format such as a multilevel quadrature amplitude modulation format. 
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FIR filter 1 has an input terminal supplied with baseband digital signal 
(Ich DATA) and another input terminal supplied with baseband digital signal 
(Qch DATA), and limits the bands of these baseband digital signals (l/Qch 
DATA). Outputs (l/Qch DATA) of FIR filter 1 are supplied to digital predis- 
5 torter 2 with the temperature compensating function. The baseband digital 
signal (Ich DATA) comprises a string of numerical values of the real part 
(corresponding to I axis) and the baseband digital signal (Qch DATA) com- 
prises a string of numerical values of the imaginary part (corresponding to Q 
axis). 

10 Digital predistorter 2 with the temperature compensating function 

adds an inversion of a nonlinear distortion caused by power amplifier 4 to the 
output baseband digital signals (l/Qch DATA) from FIR filter 1 to compensate 
for the nonlinear distortion. Digital predistorter 2 with the temperature com- 
pensating function can change the amount of compensation depending on a 

15 change in the input vs. output characteristics of power amplifier 4 due to a 
change in the operating temperature thereof, based on temperature informa- 
tion input from thermometer 5. 

Modulator 3 is supplied with the baseband digital signals (l/Qch 
DATA), which have been compensated for the nonlinear distortion, from digi- 

20 tal predistorter 2 with the temperature compensating function, and outputs a 
modulated signal (transmission signal) that is produced by effecting quadra- 
ture amplitude modulation on the supplied baseband digital signals (l/Qch 
DATA). The modulated signal output from modulator 3 is supplied to power 
amplifier 4. 

25 Power amplifier 4, which amplifies the modulated signal input from 

modulator 3, is capable of automatically controlling the level of the input sig- 



9 



nal such that its average output level will be constant. Thermometer 5 
measures the operating temperature of power amplifier 4, and supplies the 
measured operating temperature as the temperature information to digital 
predistorter 2 with the temperature compensating function. 

With the above transmission circuit, even when the input vs. output 
characteristics of power amplifier 4 change due to a temperature change, 
digital predistorter 2 with the temperature compensating function provides a 
high nonlinear distortion compensating capability. 

Specific details of digital predistorter 2 with the temperature compen- 
sating function will be described below with reference to Fig. 3. 

As shown in Fig. 3, digital predistorter 2 with the temperature com- 
pensating function comprises power calculating circuit 6, operating point set- 
ting circuit 7, complex multiplier 8, and inverse characteristics calculating cir- 
cuit 9. Power calculating circuit 6 calculates power P of the baseband digital 
signals (l/Qch DATA) input from FIR filter 1 according to the equation shown 
below, and supplies calculated power P to operating point setting circuit 7. 

P = l 2 + Q 2 

Operating point setting circuit 7 has been given data about the rela- 
tionship between the input vs. output characteristics of power amplifier 4 and 
the temperature thereof. Operating point setting circuit 7 calculates apparent 
power value P' from power value P input from power calculating circuit 6 and 
the temperature information from thermometer 5, and supplies calculated 
power value P' to inverse characteristics calculating circuit 9. Apparent 
power value P' changes depending on the operating temperature of power 
amplifier 4. 

Inverse characteristics calculating circuit 9 holds inverse characteristic 



data of the nonlinear distortion of power amplifier 4. Inverse characteristics 
calculating circuit 9 calculates a phase rotation and a gain which correspond 
to the inversion of the nonlinear distortion from the inverse characteristic 
data and the apparent power value P* input from operating point setting cir- 
5 cuit 7, and supplies their real- and imaginary-part components to complex 
multiplier 8. 

Complex multiplier 8 effects a complex multiplication on the baseband 
digital signals (l/Qch DATA) input from FIR filter 1 and the inversion of the 
nonlinear distortion input Inverse characteristics calculating circuit 9. Thus, 

10 the inversion of the nonlinear distortion of power amplifier 4 is added to the 
baseband digital signals (l/Qch DATA) input from FIR filter 1 . Complex mul- 
tiplier 8 supplies its output to modulator 3. 

Principles of operation of digital predistorter 2 with the temperature 
compensating function for compensating for the nonlinear distortion will be 

15 described below. 

Generally, the input vs. output characteristics of power amplifier 4 
change depending on its operating temperature. Fig. 5 schematically illus- 
trates how the operating point of power amplifier 4 changes due to a tem- 
perature change thereof. In Fig. 5, input vs. output characteristic curve A 

20 represents the input vs. output characteristics of power amplifier 4 at the 
temperature for which the amount of compensation (inverse characteristics) 
is held in the predistorter, and input vs. output characteristic curve B repre- 
sents the input vs. output characteristics (shifted from input vs. output 
characteristics A) of power amplifier 4 at the actual temperature. 

25 According to input vs. output characteristics B, when the input level is 

Pin, the output level is Pout'. Power amplifier 4 has a function to keep output 
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level Pout constant, and attenuates the input signal to Pin' to produce output 
level Pout. This means that the actual operating point of power amplifier 4 is 
a point where input level Pin' and input vs. output characteristics B intersect 
with each other. In such operation of power amplifier 4, when the predis- 
5 torter adds an amount of compensation for input level Pin directly to the input 
signal of power amplifier 4, there arises a problem in that the amount of 
compensation and the actual amount of nonlinear distortion caused by power 
amplifier 4 differ from each other. Digital predistorter 2 with the temperature 
compensating function according to the present embodiment solves the 

10 above problem according to the following compensating process: 

It can be seen from Fig. 5 that the input vs. output characteristics of 
power amplifier 4 are substantially translated as the temperature thereof 
changes. When the operating temperature of power amplifier 4 changes, 
operating point setting circuit 7 can uniquely calculate apparent power value 

15 Pin' from power value Pin of the input signal and the temperature information 
from thermometer 5 based on the temperature dependency of the input vs. 
output characteristics of power amplifier 4. Inverse characteristics calculat- 
ing circuit 9, which holds the inverse characteristic data of the nonlinear dis- 
tortion of power amplifier 4, can calculate a phase rotation and a gain which 

20 correspond to the inversion of the nonlinear distortion caused by power am- 
plifier 4, depending on apparent power value Pin' that is input from operating 
point setting circuit 7. 

With digital predistorter 2 with the temperature compensating function, 
as described above, inverse characteristics calculating circuit 9 does not cal- 

25 culate an amount of compensation for power level Pin, but calculate an 

amount of compensation for power level Pin 1 . Therefore, digital predistorter 
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2 is capable of compensating for a nonlinear distortion depending on the ac- 
tual operating point of power amplifier 4. Since digital predistorter 2 does not 
require a table of temperature data like the one used in the conventional 
predistorter for calculating an amount of compensation, any increase in the 
5 circuit scale of digital predistorter 2 is small. 

With the transmission circuit shown in Fig. 4, digital predistorter 2 with 
the temperature compensating function compensates for a nonlinear distor- 
tion of the output of power amplifier 4 by adding the inversion of the nonlin- 
ear distortion caused by power amplifier 4 to the baseband digital signal in- 
10 put to modulator 3. The signal output from digital predistorter 2 is supplied to 
modulator 3, which performs quadrature amplitude modulation on the signal. 
The modulated signal is then supplied to power amplifier 4, which amplifies 
the modulated signal. Since the inverse characteristics depending on the 
operating temperature of power amplifier 4 have been added to the modu- 
li. 5 lated signal, power amplifier 4 can produce an output signal which is free of 
the nonlinear distortion. 

Specific details of complex multiplier 8 and modulator 3 will be de- 
scribed below with reference to Fig. 6. 

As shown in Fig. 6, complex multiplier 8 comprises four multipliers 
20 80a through 80d and two adders 81 a, 81 b. Multipliers 80a, 80c have re- 
spective input terminals supplied with a signal l(t) corresponding to the 
baseband digital signal (Ich DATA) from FIR filter 1 , and multipliers 80b, 80d 
have respective input terminals supplied with a signal Q(t) corresponding to 
the baseband digital signal (Qch DATA) from FIR filter 1 . Multipliers 80a, 
25 80d have respective other input terminals supplied with real part a of the 
compensatory value depending on the apparent power value from inverse 
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characteristics calculating circuit 9, and Multipliers 80b, 80c have respective 
other input terminals supplied with imaginary part 0 of the compensatory 
value depending on the apparent power value from inverse characteristics 
calculating circuit 9. Adder 81a has input terminal A ("+" terminal) supplied 
5 with an output from multiplier 80a and another input terminal B ("-" terminal) 
supplied with an output from multiplier 80b, and outputs the sum (A - B) of 
the supplied inputs to modulator 3. Adder 81 b has input terminal A supplied 
with an output from multiplier 80c and another input terminal B supplied with 
an output from multiplier 80d, and outputs the sum (A + B) of the supplied 

1 0 inputs to modulator 3. 

As shown in Fig. 6, modulator 3, which is a quadrature modulator, 
comprises two multipliers 30a, 30b and one adder 31 . Multiplier 30a has an 
input terminal supplied with the output from adder 81a and another input 
terminal supplied with carrier signal cos(2jtft), and multiplies the supplied in- 

15 puts. Multiplier 30b has an input terminal supplied with the output from ad- 
der 81 b and another input terminal supplied with a carrier signal, which is de- 
layed from carrier signal cos(2jtft) by jt/2, and multiplies the supplied inputs. 
Adder 31 has input terminal A ("+" terminal) supplied with an output from 
multiplier 30a and another input terminal B ("-" terminal) supplied with an 

20 output from multiplier 30b, and outputs the sum (A - B) of the supplied sig- 
nals to power amplifier 4. 

In the embodiment described above, the input signal is in a quadra- 
ture amplitude modulation format such as a multilevel quadrature amplitude 
modulation format. However, the present invention is not limited to such a 

25 modulation format, but is applicable to any modulation types insofar as the 
circuit according to the present invention adds the nonlinear distortion of the 
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power amplifier to the transmission signal. 

While a preferred embodiment of the present invention has been de- 
scribed using specific terms, such description is for illustrative purposes only, 
and it is to be understood that changes and variations may be made without 
5 departing from the spirit or scope of the following claims. 
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